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Background:
• The intestinal microbiome has been shown to play important roles in metabolism, 
immune function, and structural integrity of the intestine1.
• Animals maintained in captive environments are often provided different diets 
compared to their wild counterparts. 
• It is unclear how captive management practices and diets impact the microbiome.
• Two separate studies from the same research group analyzed penguin GI 
microbiomes in captive2 and wild3 habitats of the Little Penguin (LP) (Eudyptula
minor) at Phillip Island, Australia.
• These studies provided a unique opportunity to compare the GI microbiome of adult 
captive and wild LPs, and to test the hypothesis that distinct difference in the GI 
microbiome will be present due to the differing standards of living and associated 
with different mechanism of food apprehension.
Methods:
• Two previous studies2,3:
• Sequences were downloaded from the National Center for Biotechnology Informatics 
(NCBI) Sequence Read Archive (SRA) database using provided accession numbers.
• Files converted from fastq to fasta files using a UNIX command line script provided 
by Iowa State University4.
• Using the MOTHUR program6, sequences underwent quality control and were 
trimmed to make them comparable to each other. The number of unique sequences 
was identified.
• The sequences were aligned and classified according to the silva.nr_v132 reference 
file7 to make them comparable globally.
• Operational Taxonomic Units (OTUs) were generated and assigned to sequences at a 
97% threshold. 
• Alpha diversity indices were calculated using MOTHUR6.
• The heat map was generated using JColorGrid5. 
Results:
• 25862 raw sequences were downloaded from the NCBI SRA database. 25854 total quality-
controlled sequences were analyzed. 
• 12101 unique sequences were identified. A total of 2041 unique OTUs were evaluated. 
• 48.7% of all OTUs are 3 unclassified Fusobacteriales species.
• Samples C17 and W1 were identified as the same animal, although they were labeled differently 
on the SRA.
OTU Total 
Sequences
Relative 
abundance (%)
Phylum Genus
Otu00001 6586 25.4 Fusobacteria Fusobacteriales (unclassified)
Otu00002 4461 17.3 Fusobacteria Fusobacteriales (unclassified)
Otu00003 1549 6.0 Fusobacteria Fusobacteriales (unclassified)
Otu00004 1501 5.8 Proteobacteria Enterobacteriaceae
Otu00005 1326 5.1 Proteobacteria Enterobacteriaceae
Otu00006 501 1.94 Firmicutes Clostridiales (unclassified)
Otu00007 488 1.89 Firmicutes Clostridiaceae 1
Otu00008 404 1.56 Fusobacteria Fusobacteriales (unclassified)
Otu00009 300 1.16 Bacteroidetes Bacteroidales (unclassified)
Otu00010 263 1.02 Proteobacteria Aeromonadaceae
Otu00011 236 0.91 Proteobacteria Betaproteobacteriales (unclassified)
Otu00012 230 0.89 Bacteroidetes Marinifilaceae
Otu00013 192 0.74 Bacteroidetes Bacteroidales (unclassified)
Otu00014 190 0.73 Epsilonbacteraeota Campylobacteraceae
Otu00015 184 0.71 Bacteroidetes Dysgonomonadaceae
Otu00016 168 0.65 Planctomycetes Physcisphaeraceae
Otu00017 160 0.62 Firmicutes Family XI
Otu00018 155 0.60 Proteobacteria Enterobacteriaceae
Otu00019 138 0.53 Proteobacteria Aeromonadaceae
Otu00020 122 0.47 Firmicutes Pseudomonadaecae
Group S_obs Chao Shannon Simpson
C6 131 762.25 1.42 0.61
C7 402 1441.52 4.44 0.05
C14 166 978.8 2.31 0.36
C15 151 844.27 1.79 0.36
C16 111 544.11 1.32 0.62
C17 214 738.06 4.06 0.04
Average 
Captive
195.83 885.17 2.56 0.35
W1 214 738.06 4.06 0.04
Table 1: OTU abundance and classification across all samples. Total number sequences attributed to each OTU in column Total Sequences.
Table 2: Alpha Diversity Indices: number of total species 
observed (S_obs), diversity estimates (Chao, Shannon) and 
evenness (Simpson) of each sample. Values are calculated for 
each captive bird sample(C), an average of the captive birds 
and the wild bird (W) sample.
Discussion:
• The results in this study are inconclusive because the C17 and W1 samples (captive 
adult LP and wild adult LP) were uploaded as the same sample to both studies, so it 
is impossible to tell which study it belongs to and whether it is captive or wild. 
• The only two adult LP data sets were duplicates, making it impossible to tell 
whether adult LPs have any GI microbiome differences. 
• 5 of the 6 captive LP samples are not adults, skewing captive LP data towards 
juvenile samples.
• In the future, studies comparing LPs in zoos or aquariums to wild LPs would be of 
interest for animal caretakers (or any penguin species in captivity). Zoo and 
aquarium commissaries specifically calculate dietary needs of animals but do not
understand how formulated diets affect the GI microbiome. Customizing a captive 
penguin diet could improve the overall health of the LPs.
Figure 2. Little Penguin at the Melbourne Zoo (Taken by Fir0002; 
en.wikipedia.org/wiki/Little_penguin#/media/File:Little_Penguin_Feb09.jpg).
Figure 1: Heat map showing the relative abundances of the 20 most 
abundant OTUs. Abundances above 15% were set at 15% for scaling.
Educational Progress:
The following skills were gained during this project:
• Reviewing scientific literature and creating a testable hypothesis.
• Use of MOTHUR, a command-line bioinformatics program, to analyze 16S rRNA 
amplicon microbiota data.
• Creation and analysis of data visualization tools. 
• The importance of data labelling, organization, and management to allow future 
data replication and further studies. 
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